8-6 The Law of Sines and Law of Cosines

Find x. Round angle measures to the nearest degree and side s
measures to the nearest tenth. oge > :\'\"w-..’_‘%_%_
e 2. 18
/58 35°
L SOLUTION:

We are given two angles and a nonincluded side, therefore use Law of
Sines to write a proportion:

SOLUTION:
We are given the measure of two angles and a nonincluded side, so use
the Law of Sines to write a proportion:

i ; ; sin 135 sin 20 :
5111;{ 35 " 5111958 & hetints % s % Substitute.
X-5in 58 = 9-sin 35 Cross ProductsProperty x-sin 20 = 18-51n 135 Cross ProductsProperty
; _ 18gin 135 e 2 A
X = _95511111 5385 Divide each sideby sin 58 r= sin 20 Divide each sideby sin 20
R B T x =~ 37z Useacalculator
37.2

6.1
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8-6 The Law of Sines and Law of Cosines

ll'n ___\__‘——\—\_
‘iﬂo 55"
x
SOLUTION:

We are given one side and two angles, therefore use Law of Sines to
write a proportion:

The angle opposite the side of length 73 has a degree measure of 180°
—60° —55°=65°.

sin_rjlil _  sin @5 aubstitute.
X 73
x(sin 65) = 73-(sin 60) CrossProductsProperty
X BGm 0 piyideeach sideby sin 65
sin 65
X = 698 Useacalculator
ANSWER:

69.8
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141"

SOLUTION:
We are given one side and two angles so you can use Law of Sines to
write a proportion.

The angle measure opposite the side of length 13 is: 180° — 141° — 18° =
21°.

sin _141 _ sin dl o bstitute
X 13
x-s5mm21 = 13-smn 141 Cross ProductsProperty
x = A3 prideeach sideby sin 21
sin 21
¥ = 22 Useacalculator
ANSWER:
22.8
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8-6 The Law of Sines and Law of Cosines

_ Jf? 7. SAILING Determine the length of the bottom edge, or foot, of the sail.
g i il =8 Refer to photo on page 586.
5 147
SOLUTION: A
We are given the measures of two sides and their included angle, J,f' 'I
therefore we can use the Law of Cosines to solve this problem. / |
s5ft/  |e2ft

Xt = 41 4+ M —20147)(Tcos(18) Substitute |

x? = 216.09+49-195.73 Simplify ||

x? = 6936 Combine ||

e A2 Talze the squareroot of each side f __fIII_I:It_ |
ANSWER:
8.3 SOLUTION:

Since we are given two sides and the included angle, we can solve this
) 5\ problem using the Law of Cosines. Let x represent the foot of the sail.
19.y \ 16.2
/e x2 = (5524 (62)% —2(55)(62)cos(d47) Substitute.
i b
6. B ¥k w= orpay Simplify
x = y2217.77 Takethesquare root of each side

SOLUTION: % w47 Simplify

Since we are given three sides and no angles, we can use the Law of

Cosines to solve for x. Therefore, the foot of the sail is about 47.1 ft long.

(16.2)* = (19.6)*+ 20)* —2(19.6)(20)cos(x) Substitute. ANSWER:

262,44 = 384 164400 —784cos(x) Simplify 471 ft

0.66546 = cos(x) Solvefor cos(x)

48 ROox Use the mversecosine ratio
ANSWER:
48
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8-6 The Law of Sines and Law of Cosines

Solve each triangle. Round angle measures to the nearest degree
and side measures to the nearest tenth.

B B
=g |
Tt
| o
SOLUTION:

The sum of the angles of a triangle is 180. So,
msB =180~ [32 +71)=71.

Since we are given two angles and a side, we can set up a proportion
using the Law of Sines to find BC and AB.

sin 32 _ sn 77 :
“Fe- = 8§ Substitute.
BC-sin 77 = 8-sin 32 Cross ProductsProperty
BC = 228032 Diyideeach sideby sin77
sin 77
BC = 44 Useacalculator
sin 77 sin7l :
= = “F Substitute
AB-sin 77 = 8-s51n 71 Cross ProductsProperty
AB = 27l Diyideeach sideby sin77
sin 77
¥ = T Useacalculator
ANSWER:

m<ZB=77"AB =78 BC~4.4
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M T,
\\:‘-.._.__H-...?n
Ndie_—" N
945
SOLUTION:

Since we are given two sides and a nonincluded angle, we can set up a
proportion using the Law of Sines to solve for the measure of <.

sinn A _ sin 111 :
W = —SD Substitute.
(snM)-50 = 245-s5mn111 CrossProductsProperty
smM = % Dwide each sideby 50
mszM o= 27 Useacalculator

The sum of the angles of a triangle is 180. So,
msN =180-(111427) =42,

Now , we have two sides and an included angle, so we can use the Law
of Cosines to solve for MP.

(MP)? = (0?4 (24.5% —2(50)(24.5)c05(42) Substitute.

WP = 127955 Simplify
MP = j1279.55 Takethesquare roct of each side
MP = 358 Smplify

ANSWER:

msM =272, msN =422, MP = 35.8
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8-6 The Law of Sines and Law of Cosines

X =Y 11. Solve ADXEF if DE = 16, EF = 21.6, FD = 20.
N F
A
& SOLUTION:
894 LT . . . . .
" gae/ Since we are given three sides and no angles, we can start solving this
g triangle by finding the 1 .2E by using the Law of Cosines.
10. 4
@0 = (16)2+4(21.6)2 —2(16)(21.6)cosE Substitute
SOLUTION: 400 = 256+46656—6912cosE Simplify
Since we are given two sides and an included angle, we can solve for XY 38087 = cosE Use the inverse cosine ratio
using the Law of Cosines. 62 = E Simplify
xv? = BD?+(0.9%—2(3.9)(9.9)cos(63) Substitute. Similarly, we can use the Law of Cosines to solve for 1 .2D.
xr? = 9722 Simplify
Xy = m Talce thesquare root of each side (21-@2 = a6l (20)2 —2(16)(20)cosD  Substitute.
XY = 90 Simplify 466.56 = 256+400—640cosD Smphfy
029 = cosD Use the mverse cosme ratio
73 =~ D Smmphfy

Since, AXYZ is (approximately) isosceles, the base angles are congruent.
Therefore m-X =63 and mY = 180 - {EG + (‘.I?"} =54, The sum Of the angles of a trlangle |S 180. 801

rd 'I: = 3 - g
ANSWER: mLF =180~ (73 +62) =45,

MmsX =632, meY =547 XY =99 ANSWER:
ms< D =732, ms E=62° ms F =45
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8-6 The Law of Sines and Law of Cosines

Find x. Round angle measures to the nearest degree and side
measures to the nearest tenth.

.1.-___“‘

"-__ .H'ﬂ-\._\x
\.3“0 H"'\-\.____.:
14?0 24

12.

SOLUTION:
Since you are given two angles and a nonincluded side, you can set up a
proportion using the Law of Sines.

si11_4? — Ein 30 Substitute.
x 24
x-5m 30 = 24-s1n47 CrossProductsProperty
x = 2847 pideeach sideby 51130
sin 30
¥ B2 351 Useacalculator
ANSWER:
35.1
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13.

I\‘\
/B8N
X ,-"J i %
M,
b ¥
N,
S ke N
/ 50° ™

]

SOLUTION:
Since you are given two angles and a nonincluded side, you can set up a
proportion using the Law of Sines.

sinT . sinSer Substitute.
x-smn 68 = 5-s1n 50 Cross ProductsProperty
x 2510 50 pyyideeach sideby sin 68
sin 68
x = 41 Useacalculator
ANSWER:
4.1
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8-6 The Law of Sines and Law of Cosines

)

735>

\ msn _'_,-'
I'Iﬁ f_‘__.-’

14. e

SOLUTION:

Since you are given two angles and a nonincluded side, you can set up a
proportion using the Law of Sines.

sinT 0 sin8?3 Substitute,
x-s5m 73 = 8-sin67 CrossProductsProperty
x = 2867 pyideeach sideby sin73
sin 73
X I Usea calculator
ANSWER:
7.7

eSolutions Manual - Powered by Cognero

SOLUTION:
Since you are given two angles and a nonincluded side, you can set up a
proportion using the Law of Sines.

sinrl 1 T 511; 12? wihetibute
x-s5m 27 = 11-s51n110 Cross ProductsProperty
x = Asinll  piyideeach sideby 51127
sin 17
¥ ‘B 2218 Useacalculator
ANSWER:
22.8

Page 7



8-6 The Law of Sines and Law of Cosines

16.

SOLUTION:

Since we are given one side and two angles, we can set up a proportion
using the Law of Sines.

The measure of the angle opposite the side of length 32 is 180° — 73° —
51°=56°.

sin 56 _ sin 5l Sbstitute
3 x
x(sin56) = 32-smn 51 CrossProductsProperty
x = 228151 piyideeach sideby 30
sin 56
x = 30.0 Useacalculator
ANSWER:
30.0

eSolutions Manual - Powered by Cognero

17.

X
mﬂl

W y7

SOLUTION:

Since we are given one side and two angles, we can set up a proportion
using the Law of Sines.

The angle opposite the side of length 17 has a degree measure of 180° —
96° — 39° =45°.

5111.?45 _ sin 30 Substitute
X
x(sin45) = 17-s5mn 39 Cross ProductsProperty
17sin 39 s 3

x ~snas - Dwideeach sideby 15

X = BB Useacalculator
ANSWER:
151
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8-6 The Law of Sines and Law of Cosines

18.

u%f

|22
Z_ ™108°
X

SOLUTION:
Since we are given one side and two angles, we can set up a proportion
using the Law of Sines.

The measure of the angle opposite the side of length 22 is 180° — 105°
—18°=57°

sin 57 _ sin 18 Shetitute.
21 x
x(sin57) = 225118 CrossProductsProperty
¥ 22518 By ide each sideby sin 57
sin 57
¥ =2 Rl Useacalculator
ANSWER:
8.1
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19.

4
[y

\/ x
SOLUTION:

We are given one side and two angles, therefore we can use the Law of
Sines to set up a proportion.

The angle opposite the side of length 4 has a degree measure of 180° —
29° —73°="78°

:3111T 20, . si114 78 Substitiite:
(sin29)-4 = x-s1n 78 CrossProductsProperty
x = 283 pyideeach sidebysin 78
sin 78
¥ =20 Useacalculator
ANSWER:

2.0
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8-6 The Law of Sines and Law of Cosines

== 21. ASTRONOMY Angelina is looking at the Big Dipper through a
e telescope. From her view, the cup of the constellation forms a triangle
§ that has measurements shown on the diagram. Use the Law of Sines to
[ /20 determine distance between A and C.
20. ¥
SOLUTION:

Since we are given one side and two angles, we can set up a proportion
using the Law of Sines.

The angle opposite the side of length 12 has a degree measure of 180°
—118°—39°=23°,

. . SOLUTION:
% = 3111—3'9 Substiute. The sum of the angles of a triangle is 180. So,
x-sin23 = 12-sin 39 Cross ProductsProperty mLC =180-(40+95) =43,
x % Divide each sideby sin23 Since we are given at least two angles and a side, we can set up a
v = 193 bk proportion using the Law of Sines.
H08 = HB substitute
ANSWER: i :
19.3 x-smn 45 = 2-s5m 95 Cross ProductsProperty
x = 2813  pyideeach sideby sin4s
sin 43
x = 2.8 Useacalculator

Therefore, the distance between A and C is about 2.8 inches.

ANSWER:
2.81in.
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8-6 The Law of Sines and Law of Cosines

22.

eSolutions Manual - Powered by Cognero

Find x. Round angle measures to the nearest degree and side
measures to the nearest tenth.

X
124N, /112
\ 67"/

\/
SOLUTION:

Since we have two sides and an included angle, we can use the Law of
Cosines to solve for x.

¥ = (24 +1.2)2—2012.4)(11.2)cos(67) Substitute

x* = 17067 Simplify

x = 17067 Takethesquare root of each side
x = 434 Smplify

ANSWER:

13.1

23.

AT

oy
"
o

12 ;

", |
|
b |

SOLUTION:

Since we are given two sides and an included angle, we can solve for the
missing side using the Law of Cosines.

24. 7

¥ = G024+0.2)?—2(.0)1.2)c0os(123) Substitute
x! = 1436 Smmphty
= 1436 Takethesquare roct of each side
= 3.8 Simplify
ANSWER:
3.8
e
PR |
Y4 ""\
s>
r ..___.-"'
S 120
SOLUTION:

Since we are given two sides and an included angle, we can solve for x
using the Law of Cosines.

2 o= (1200% + (54)% —2(120)(54)cos(64) Substitute.

x? = 1163471 Simplify

X = m Takethesquare root of each side
x = 1079 Smmplhfy

ANSWER:

107.9
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8-6 The Law of Sines and Law of Cosines

.

2g .\‘*\‘51
25, 50
SOLUTION:

Since we are given three sides and no angles, we can find the measure of
the missing angle by using the Law of Cosines.

(61)2 = (29)2+(50)2—2(29)(50)cos(x) Substitute.
3721 = 34142500 —29200cos(x) Sunplify
—0.13103 = cos(x) Holvefor cos(x)

x = 98 Use the mverse cosiie ratio
ANSWER:
98
B
i
254
26.
SOLUTION:

Since we given three sides and no angles, we can solve for the missing
angle using the Law of Cosines.

(25.4)> (26.2) + (13.5)% —2(26.2)(13.5)cos(x) Substitute
64516 = 68644418225 —-707 4cos(x) Simplify
0.3160 cos(x) Solvefor cos(x)
% R 2 Use the inverse cosine ratio
ANSWER:
72
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27.

18 X /,./" 65
e

P

SOLUTION:

Since we are given three sides and no angles, we can solve for the
missing angle using the Law of Cosines.

(6.5)% (.82 +(5.6)% —2(1.8)(5.6)cos(x) Substitute
4225 = 324+43136-—20.16cos(x) Sumphfy
—0.3795 = cos(x) Solvefor cos(x)
x = 112 Use the mverse cosine ratio
ANSWER:
112=
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8-6 The Law of Sines and Law of Cosines

28. HIKING A group of friends who are camping decide to go on a hike.
According to the map, what is the angle between Trail 1 and Trail 2?

SOLUTION:

Since we are given three side lengths and no angle measures, we can use
the Law of Cosines to solve this problem. Let x be the angle between
Trail 1 and Trail 2.

@ = 1@ —203)(2)cos(x) Substitute
16 = 9+4—12cos(x) Sunplify
—0.25 = cos(x) Solvefor cos(x)
x = 104 Use the mverse cosine ratio

Therefore, the angle between Trail 1 and Trail 2 is about 104°.

ANSWER:
104°

eSolutions Manual - Powered by Cognero

29. TORNADOES Find the width of the mouth of the tornado. Refer to the
photo on Page 588.

X maouth
44° e
200 ft
26"
SOLUTION:

Since we are given two angles and a nonincluded side, we can use the
Law of Sines to set up a proportion.

gin 26 sin 44 :
== = =g Substitute.
x-sm 44 = 200-sin 26 Cross ProductsProperty
x = 2in2b  piyideeach sideby sin44
sin 44
x = 1262 Useacalculator

Therefore, the mouth of the tornado is about 126.2 feet wide.

ANSWER:
126.2 ft
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8-6 The Law of Sines and Law of Cosines

30. TRAVEL A pilot flies 90 miles from Memphis, Tennessee, to Tupelo, Solve each triangle. Round angle measures to the nearest degree
Mississippi, to Huntsville, Alabama, and finally back to Memphis. How and side measures to the nearest tenth.
far is Memphis from Huntsville? B

AR ‘i]!\.{pmphls L '\\
i | LY
e - | S 12 m
= 1 \
/ Wm\?ﬁi *E'F'_____.'--'-"’ i ! I| 3
153.00 " Huntsville o o,
Tupe];\o"" 122 mi | 31 A 94 52° L
MS AL
B i SOLUTION:
The sum of the angles of a triangle is 180. So,
SOLUTION: i g

. . . . msLB = IH{}—{*J-l ~52}:34.
Since we are given two sides and an included angle, we can use the Law
of Cosines to solve this problem. Let x be the distance between Memphis

and Huntsville. Since we are given two sides and a nonincluded angle, we can set up a

proportion using the Law of Sines to find AB.

x2 = 0+ 22)E —2(90)(122)c0s(153.9)  Substitute . .
’ N g sin 52 _ sin 94 ;
x? = 1270460 Simplify AE - 12 Substitute.
= y42704.69 Takethesquare root of each side AB-smn 94 = 12+.51n 52 Tross Pl‘OdLlCtSPl‘DpEl"t}T
x = 207 Simphfy i o ) :
AB = -—=AR24 Divideeach sidebysin94
Therefore, Memphis is about 207 miles away from Huntsville. i = g5 o
ANSWER: . . .
. Similarly, we can use the Law of Sines to find CA.
207 mi
sin 34 _ sin 94 ;
- = "0 Substitute.
CA-sin 94 = 12-sin 34 Cross ProductsProperty
cAd = 1283 Diyideeach sideby sin94
sin 94
Bd = 87 Useacalculator
ANSWER:

m<B =347 AB = 9.5, CA=6.7
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8-6 The Law of Sines and Law of Cosines

32.

CCSS STRUCTURE Solve each triangle. Round angle measures
to the nearest degree and side measures to the nearest tenth.

SOLUTION:
Since we are given two sides and a nonincluded angle, we can find the
measure of angle F with the Law of Sines.

sin &7 sin 108 e
T = —14. g Substitute,
146-(sin F) = 7.9-(sin 108) Cross ProductsProperty
sin o= % Divide each sideby 14.6
F = 31 Usethe inverse sine ratio

The sum of the angles of a triangle is 180. So,
mLE =180~ (108 +31) =41,

Since we are now know two sides and an included angle, we can use the
Law of Cosines to find DF.

(DF)? = 7.9%4146%—2(7.9)(14.6)cos (41) Substitute
(DF)? 101.47 Simplify
DF = y101.47 Takethesquareroot of each side
DF = 101 Useacalculator
ANSWER:

m<E=41°, m:F =317, DF~10.1

eSolutions Manual - Powered by Cognero

33.

Solve each triangle. Round angle measures to the nearest degree
and side measures to the nearest tenth.

300

SOLUTION:

Since we are given all three sides of the triangle and no angles, we can
find a missing angle using the Law of Cosines.

30.0° (24.6)% + (20.7)* —2(24.6)(29.T)cos ¥ Substitute.
900 = 60516488209 —1461 24cos £ Simplify
040188 = cos kK Bolvefor cos K
E = 66 Usethe mverse cosine ratio

Similarly, we can use the Law of Cosines to find the measure of angle
J.

29.7% (30)% + (24.6)2 —2(30)(24.6)cos J Substitute.
88209 = 900+60516—1476cosJ Smmphfy
042213 = cosJ Solvefor cosT
J = 65 Usethe mverse cosme ratio

The sum of the angles of a triangle is 180. So,
m<1 =180~ (66 +65) =49,

ANSWER:
msJ =65% msK =662 ms L = 497

Page 15



8-6 The Law of Sines and Law of Cosines

34.

M
N
N
15\ N p
\ N33
O-.-),x

— N

215 ™\ N

SOLUTION:

Since we are given two sides and an included angle, we can find MN
using the Law of Cosines.

MN? = G132+ @219 —20G31.921 5)cos 133 Substitute

MN? = 992.25+446225+923.77 Simplify

MN® = 3237827 Combine

MN = 4338 Talzethesquare root of each side

Since we have two sides and a nonincluded angle, we can use the Law
of Sines to find the measure of angle M.

sin 133 e sin A :
“a3 = a5 Substitute
sin M -488 = sinl133-21.5 CrossProducts Property
sin M = % Solve for sinM
M = 19 Use the mverse sine ratio

The sum of the angles of a triangle is 180. So,
mZN =180-(133+19) =28,

ANSWER:
m<M =197 m<N = 28% MN = 48.8

eSolutions Manual - Powered by Cognero

35.

SOLUTION:

Since we are given two sides and a nonincluded angle, we can find the
measure of angle J using the Law of Sines.

sin 34

gin J :
=i = 118 Substitute
sin J-11.8 = sin 34-20 CrossProducts Property
sin J = % Solve forsinJ
- | Use the mverse sine ratio

The sum of the measures of the angles of a triangle is 180. Therefore,
msG=180—-(34+7D) =75

We can find HJ, using the Law of Sines, since we have two sides and a
nonincluded angle.

sin 75 sin 34 d
Hr = T3 Substitute.
HJ-sin 34 = sin75-11.8 CrossProducts Property
HJ = S8 opeforgg
sin 34
HJ = 203 Use yourcalculator.
ANSWER:

mLG =75 msLJ=71° HI=20.3
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8-6 The Law of Sines and Law of Cosines

SOLUTION:

The sum of the angles of a triangle is 180. So,
msW =180~ {?3+ I24] =23

Since we have two angles and a nonincluded side, we can use the Law

of Sines to find the measure of TW.

sin 33 __ sin 23 :
T = Substitute,
WT-sin 23 = 48-sin 33 Cross ProductsProperty
wT = 28333  Dpiyideeach sidebysin 23
sin 23
WT = 669

Useacaleulator

Similarly, we can use the Law of Sines to find WS.

gin 124 __ sin 23 :
W = —48 Substitute.
WS -sin 23 =

48-35in 124  Cross ProductsProperty

ws = 28sinld  pigideeach sideby sin23
sin 23

Ws = 101.8 Useacalculator

ANSWER:
m.< W =232, WS = 101.8, TW = 66.9

eSolutions Manual - Powered by Cognero

SOLUTION:

We are given two sides and an included angle, therefore we can use the
Law of Cosines to solve for PR.

(PR)? 9% +15% —2(9)(15)cos (70) Substitute.

®PR)? = 21365 Simplify
PR e m Talze the squareroot of each side
PR = 146

Usea calculator

Now that we have two sides and a nonincluded angle, we can use the
Law of Sines to find the measure of angle R.

sinn 70 _ sin R :
4 = "I5 Substitute,
14 6-3mE =

15-5m 70 Cross ProductsProperty

sinR = % Divide each sideby 14.6
R = 175 Usethe mversesine ratio

The sum of the angles of a triangle is 180. So,
mLP =180~ [Ti - ?[}} =35,

ANSWER:
m<P =35 m<£R~=75% RP =~ 14.6
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8-6 The Law of Sines and Law of Cosines

38.

X34

j T
0l vl

| /50

.f//

z
SOLUTION:

Since we are given three sides of a triangle and no angles, we can find a
missing angle measure using the Law of Cosines.

GH? = 437 +50% —2(43)(50)cos (Z) Substitute
1156 = 1849 42500 —4300cos Z Smplify
0742558 = cosZ Solvefor cosZ
Z = 42 Usethemverse cosme ratio

Similarly, we can use the Law of Cosines to find the measure of angle
Y.

@)? = 34° 4507 —2(34)(50)cos ¥ Substitute.
1849 = 1156 42500—3400cos ¥ Smmplify
053147 = cosZ Solvefor cosZ
Z = 58 Usethemverse cosine ratio

The sum of the angles of a triangle is 180. So,
msX =180~ (42 - 58} =80,

ANSWER:
msX =80% msY =582 msZ=42°

eSolutions Manual - Powered by Cognero

D
VARY"
¥
.-"(: ___.--"-.- -
[
39. €7
SOLUTION:

We are given three sides and no angles, therefore we can use the Law
of Cosines to solve for the measure of a missing angle.

522 = 20%+48° —2(20)(48)cos(E) Substitute.
2704 = 40042304 —1920cos E Simplity
0 = CcosE Solvefarcos B
E = 90 Use the nverse cosine ratio

Similarly, we can use the Law of Cosines to find the measure of angle
D.

48 = 20%4+52° —2(20)(52)cos(D) Substitute.
2304 = 40042704 —2080cos D Smmplify
03846 = cosD Sotve forcos D
D = 67 Use the mverse cosine ratio

The sum of the angles of a triangle is 180. So,
mZC =180~ (90 +67) =23,

ANSWER:
m.'_C223°, m< D z67‘:', m.< E = 90°

Page 18



8-6 The Law of Sines and Law of Cosines

40. Solve AJKL if JK =33, KL =56, LJ = 65.

SOLUTION:
We are given three sides and no angles, therefore we can use the Law
of Cosines to solve for the measure of a missing angle.

65°

4225

0
Iz

o

562 433 —2(56)(33)cos(K) Substitute.

313641089 —3696c05 £

cos K
<[y} Use the mverse cosine ratio

Sunplify

Solveforcos K

Similarly, we can use the Law of Cosines to find the measure of angle

J.

56
3136
0.5077
J

o

33% 4+ 657 —2(33)(65)cos(J) Substitute.

1089 +4225—42%0cos J Smmplify
cos J Solveforcos J
59 Use the mverse cosine ratio

The sum of the angles of a triangle is 180. So,
mslL =180~ [‘J[l +59)=3l1.

ANSWER:
m<L=31L, mesK=90, meJ =59
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41. Solve A4BC ifm<B =119, m < C =26, CA =15.

SOLUTION:
The sum of the angles of a triangle is 180. So,
msW =180—(1 19+ 26) =35,

Since we are given two sides and a nonincluded angle, we can set up a

proportion using the Law of Sines to find AB.

sin 26 snll® ]
S = g Substitute
AB-s5mn 119 = 15-sin 26 Cross ProductsProperty
AR = 138020 Dpyide each sideby sinl 19
sin 119
AR = T4 Useacalculator

Similarly, we can use the Law of Sines to find CB.

gin 35 snll@ :
e = T Substitute.
BC-sin 119 = 15-sin 35 Cross ProductsProperty
BC = 133 pyideeach sidebysinll9
sin 119
BC = 98 Useacalculator
ANSWER:

m<A =35AB =75, BC~=9.8
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8-6 The Law of Sines and Law of Cosines

42.

43.

Solve AXYZ if XY =190, YZ = 184, ZX = 75.

SOLUTION:

Since we are given all three sides of the triangle and no angles, we can
find a missing angle using the Law of Cosines.

75 = (190)% 4+ (184)% —2(190)(184)cos ¥ Substitute.
5625 = 36100+433856—-69920cos Y Smmplify
09201 = cosY Solve for cos ¥
i = 23 Usethe mverse cosine ratio

Similarly, we can use the Law of Cosines to find the measure of angle
X.

1842 = (924 (190)? —2(75)(190)cos X Substitute
33856 = 5625436100 —28500c0s X Sinphfy
027611 = cosX Solvefor cos X
X = 74 Usethe mverse cosine ratio

The sum of the angles of a triangle is 180. So,
mZZ =180-(23+74) =83,

ANSWER:
MmeX =74, msY =23, meaZ=83

GARDENING Crystal has an organic vegetable garden. She wants to
add another triangular section so that she can start growing tomatoes. If
the garden and neighboring space have the dimensions shown, find the
perimeter of the new garden.

SOLUTION:

eSolutions Manual - Powered by Cognero

Use the Pythagorean Theorem to find the length of the hypotenuse of the
right triangle.

182 + 207 =x?
324 4400 = x*
724 = x°
Xxe=26.9

We have the following triangle:
B

26.9

A

mC = 180° — 52° — 74° = 54°.

Since we are given one side and two angles, we can find BC with the
Law of Sines.

sin 52 _ sin 54 :
T Substitute,
BC-(sin 54) = 269-(sin 52) Cross ProductsProperty
Bc = 2098032  piyideeach sideby sin 54
sin 54
BC = 262 Use a calculator

We can use the Law of Cosines to find AC, since we know two sides
and an included angle.

Page 20



8-6 The Law of Sines and Law of Cosines

(AC)? = 26.2° +26.9° —2(26.2)(26.9)cos (74) Substitute

“o? = 1022 Simplify
A = M Takethesquareroot of each side
AC ~ 320 Useacalculator

Therefore, the perimeter of the garden will be about 18 + 20 + 26.2 +
32.0=96.2 ft.

ANSWER:
96.2 ft

eSolutions Manual - Powered by Cognero

44, FIELD HOCKEY Alyssa and Nari are playing field hockey. Alyssa is

standing 20 feet from one post of the goal and 25 feet from the opposite
post. Nari is standing 45 feet from one post of the goal and 38 feet from
the other post. If the goal is 12 feet wide, which player has a greater
chance to make a shot? What is the measure of the player’s angle?

:? e
;53"'"-?9?-.; 11;11
6~ &
451 e
& —fih
5 e
bl

SOLUTION:
Since Alyssa is closer to the goal, so she has a greater chance to make a
goal.

Let x be the measure of Alyssa’s angle with the two ends of the post.
We can use the Law of Cosines to find Alyssa's shooting angle, since we
have three sides of the triangle.

(12)% = 20%+25% —2(20)(25)cos (x) Substitute
144 = 4004 625—-1000cos (x) Smplify
0881 = cos(x) Solve forcos (x)
x = 282 Usethemversecosmeratio

Therefore, Alyssa’s angle is about 28.2°.

ANSWER:
Alyssa; 28.2
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45.

PROOF Justify each statement for the derivation of the Law of
Sines.

Given: CD is an altitude of AABC .
csind smB
Prove: =
a h
Proof:
Statements Reasons
a. sinA:%,sinB::r:f a. ?
b. bsinA=kasinB=h b. ?
C bsinA=asinB [ 2
sin A sin B
il = % d. ?
C
o
o
b,f’f fr a
=
A =]
D
SOLUTION:
a. Def. of sine
b. Mult. Prop.
C. Subs.
d. Div. Prop.
ANSWER:
a. Def. of sine
b. Mult. Prop.
C. Subs.
d. Div. Prop.

PROOF Justify each statement for the derivation of the Law of

eSolutions Manual - Powered by Cognero

Cosines.

46. Given: h is an altitude of A4BC .
Prove:c2=a2+b2-2abcosC

Proof:

Satements

a ct=(a— ¥+
b. & =a?— 2ax + x% + W

et=a2 = 2albeos C) + b2

C
d
£,
f. becosC=2x
b4
h. 2=a+ ¥ —2abcosC

T ™= p AP T

T
?
?

-

-—ﬂ—x—r|-_x —

a

SOLUTION:

a. Pythagorean Thm.
b. Subs.

c. Pythagorean Thm.
d. Subs.

e. Def. of cosine

f. Mult. Prop

g. Subs.

h. Comm. Prop.

ANSWER:
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8-6 The Law of Sines and Law of Cosines

47.

a. Pythagorean Thm.
b. Subs.

c. Pythagorean Thm.
d. Subs.

e. Def. of cosine

f. Mult. Prop

g. Subs.

h. Comm. Prop.

Find the perimeter of each figure. Round to the nearest tenth.

e ..é.-.l.?//
]

SOLUTION:

The sum of the angles of a triangle is 180. So, the measure of the third
angle is 180 — (31 + 86) = 63.

We now have the following triangle:

We can use the Law of Sines to find the lengths of the missing sides,
since we have two angles and the nonincluded side.

eSolutions Manual - Powered by Cognero

5i163°  sin8e°

o X

X+5in 63=9-51n K6

i 9 " 51N ?‘5
s 63

b o B
Solve fory, using the Law of Sines:
sing3" ... smIT
g g

P =5in 63=9-5in 31

_ 9.31n 31
sin 63

pr=a:2

Therefore, the perimeter of the triangle is about 9 + 10.1 + 5.2 = 24.3

units.
ANSWER:
24.3
e ar
o "
2.3, Ba°
. "--..__ . |
48.
SOLUTION:

Name the quadrilateral ABCD, as shown. The sum of the angles of a

triangle is 180. So,
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8-6 The Law of Sines and Law of Cosines

mZADB =180~ (984 27) =55 and m2C =180 - (68 + 40) = 72.

z:lr sage 2?. s
,"E!Eo T 3 B
2.3{."55 [ 68*‘
an°
I \ @
2

o

We can use the Law of Sines to find the length of the missing sides,

51n27° - 51n55°
2.3 AB

AB-s51n 27 =s1n 55-2.3

_ 51 55-2.3
sin 27

ABF =41

51n27° ox SIn9R°
2.3 EBED

BD-5m 27=23-s1n 98

2.3-351n 98
BD =—=>—"—-~"—
sin 27

BO=%0
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49.

5in72°  sind0°

5 — BC
B =511 72 =5+51n 40
5-51n 40
Fl=———
sin 72
BC=34

51n72° - s5INGE°
5 oo
DC-51n 72 =5-31n 68

: 5+510 68
5in 72

=48

Therefore, the perimeter of the quadrilateral is about 2.3 + 4.1 +3.4 + 4.9

= 14.7 units.
ANSWER:
14.7
N
NN
L
SOLUTION:

Name the quadrilateral as ABCD.
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8-6 The Law of Sines and Law of Cosines

A B
\\\3.?0- ---E-T-D.-'h"‘*-\ 5]
\._ I|I H\‘-L___‘
N/ _#>c
L3
D

We can find BD using the Law of Cosines because we know two sides
and an included angle.

(BD)? = (60)% + (63)% — 2(60)(63)cos4 &

(BD)* =3600+ 3969 —5058.6
(BD)>=2510.4

BD=501
The sum of the angles of a triangle is 180. So,

msLADE =180 - (3? +87)=36.

We can use the Law of Sines to solve for AD and AB, since we have
two angles and a nonincluded side.

5111 37° cn 5in&7°
501 AD
AD-sin 37=50.1-s1n &7
50.1-s1n 87
sin 37
AD =831

AD =

eSolutions Manual - Powered by Cognero

51n37° o 5N 5E°
501 AR
AB -5111 37 =50.1-51n 56
S — 5[1.1_-5111 56
sin 37
AB =690

Therefore, the perimeter of the quadrilateral is about 63 + 60 +83.1 +

69.0 = 275.1 units.

ANSWER:
275.1
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8-6 The Law of Sines and Law of Cosines

152

..""--.,.__l‘ JEE
50. ~

SOLUTION:
Let x be the length of the third side of the triangle.

152
.
e

We can use the Law of Cosines to solve for x, since we have two sides
and a nonincluded angle.

) = (152)% + (889)? —2(152)(88)cos3°
()% =23104 47744 —20790.2

(x)? =10057.79

x%100.3

Therefore, the perimeter is about 152 + 88 + 100.3 = 340.3 units.

ANSWER:
340.3
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51. MODELS Vito is working on a model castle. Find the length of the
missing side (in inches) using the model. Refer to Page 590.

."III!‘I.'"-
S
i
/ 3
8 in.}/ \\
/ \
f.-’j Hl"xh
/ 71.8° Y
6 in.
SOLUTION:

Since we are given two sides and an included angle, we can use the Law
of Cosines to solve this problem. Let x be the length of the missing side.

x? = (©)r4+@?-2(6)(Scos(71.6) Substitute
x? = 697 Simplify
X = \e97 Takethesquare roct of each side

X = 84 Simplify

Therefore, the length of the missing side is about 8.4 inches.

ANSWER:
8.41in.

52. COORDINATE GEOMETRY Find the measure of the largest angle
in A4 BC with coordinates A(-3, 6), B(4, 2), and C(-5, 1). Explain your
reasoning.

SOLUTION:
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8-6 The Law of Sines and Law of Cosines

}n"l.
A (=3, 6)
NG
/ N
I ‘\H“-\
/ N

C (=5 1}L"'"""— B (4,2
- ol .

Find the lengths of each segment of the triangle.

-

AB = J,j'{4— {—3}}’ +(2-6)" =8.1

BC =\(~5-4) +(1-6) =0.1

AB=\(-5(-3))" +(1-6)’ ~5.4

9.1>8.1>5.4,50 BC >AB >AC. Using the Triangle Inequality

Theorem, the angle opposite the longest side, or <A, is the largest angle.

To find the measure of £ A, use the Law of Cosines.

©D=@ D>+ (5.4)% —2(8 D(5.4)cos 4
82 81=65.61429.16 —87.48¢c05 A
0.1367 =cos A

82. 1= A

Therefore,

ANSWER:
82;
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53.

Sample answer: Find the lengths of each segment of the triangle.

AB=[(4-(-3)) +(2-6)" ~8.1

BC = ,f[—ﬁ—cn’ +(1-6) =9.1

AB = J{—s{—s]): +(1-6) ~5.4
9.1>8.1>5.4,50BC >AB >AC. Using the Triangle Inequality

Theorem, the angle opposite the longest side, or £ A, is the largest angle.
To find the measure of £ A, use the Law of Cosines.

9.1)% = (8.1)? + (5.4)% — 2(8.1)(5.4)cos A
msA =82

MULTIPLE REPRESENTATIONS In this problem, you will use
trigonometry to find the area of a triangle.

a. GEOMETRIC Draw an acute, scalene A48 including an altitude
of length h originating at vertex A.

b. ALGEBRAIC Use trigonometry to represent h in terms of m 2 B.
c. ALGEBRAIC Write an equation to find the area of A4BC" using
trigonometry.

d. NUMERICAL If m<Bis 47, AB =11.1, BC = 14.1, and CA =10.4,
find the area of A4B(" . Round to the nearest tenth.

e. ANALYTICAL Write an equation to find the area of A4BC" using
trigonometry in terms of a different angle.

SOLUTION:
a. Label your triangle carefully, as described.
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8-6 The Law of Sines and Law of Cosines

b. Use right triangle trigonometry to write an equation relating angle with
side h.

: /
By the definition of sine of an angle, sin B = A_T':" So, h =AB sin B.

1
C. The area of a triangle is given by the formula 4 = E#h. In this
triangle, b = BC and h = AB sin B.

1 ;
Therefore, 4 = ?{H(‘]{Aﬁsm B).

d. Substitute the given values in the area formula from part c.
A= %(14. (11 1)sind7) = 57 2

e. Go through the process again, but choose angle C.

y %{m‘}{r‘ﬁsm('}

=

ANSWER:
a.

.-'; II
gl ‘Ng

b.h=ABsinB

c. A= %{H(.'}[Aﬁsin B)
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54.

55.

d. 57.2 units?
e A= ;—{;;(.'}((.:4 sinC)

ERROR ANALYSIS Colleen and Mike are planning a party. Colleen
wants to sew triangular decorations and needs to know the perimeter of
one of the triangles to buy enough trim. The triangles are isosceles with

angle measurements of 647 at the base and side lengths of 5 inches.
Colleen thinks the perimeter is 15.7 inches and Mike thinks it is 15 inches.
Is either of them correct?

VY

SOLUTION:
The measure of the third angle of each triangle is 180 — (64 + 64) = 52.

Use the Law of Sines to find the length x of the base of each triangle.
sin64° _ sin52°
5 X
X-sin 64 =5-51n 52
_ 5-51n 52
Y= "sin 64
x4 4

The perimeter of each triangle is about 5 + 5 + 4.4 = 14.4 in. Therefore,
neither is correct.

ANSWER:
Neither; 5+5+4.4=14.4in.

CHALLENGE Find the value of x in the figure.
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B/ D ; "';v_; ANSWER:
63.9°
5.0 56. REASONING Are there any sets of three measures that cannot be
used to solve a triangle? Explain.
Name the;rlangle as adBC. When considering this answer, think of all the three possible angle and/or
VAN side combinations that you could be given. Are there any combinations
& ¥ that could result in triangle that is not congruent to another with the same
ﬁ |56 "v"-x_‘ three dimensions?
B/ | X X c
5.9 Yes; sample answer: If the three measures given are the angle measures,
We can find the measures of the base angles in isosceles triangle ABC, you cannot solve for the lengths of the sides. The triangle could be an
using the Law of Cosines. infinite number of similar triangles.

6° = 6°+5.9% —2(6)(5 9)cos C ANSWER:

36 — 36434 81—708c05C Yes; sample answer: If the three measu_res given afe the angle measures,
_348] = —708cosC ?/OL_J (-:annot solve fo-r the Ier-lgths of the sides. The triangle could be an
04917 = cosC infinite number of similar triangles.

msC = 60.55 57. OPEN ENDED Draw and label a triangle that can be solved:

a. using only the Law of Sines.

We can now use the Law of Sines with the smaller triangle on the right b. using only the Law of Cosines

to solve for x.

SOLUTION:
sin 60.55  _ Sin X a. Law of Sines can be used to solve a triangle when you are given two
5. 6 _ 6 sides and a nonincluded angle or two angles and a nonincluded side.
56-smmx = 6-sm1 6055
: 6-sin 60.55
sm X = T
X = 63.9
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8-6 The Law of Sines and Law of Cosines

b. Law of Cosines can be used to solve a triangle when you are given
three sides and no angles or two sides and an included angle.

A 100 c
ANSWER:
a.
E
110°
40°
D 10 F
b.

A 100 c

58. WRITING IN MATH Suppose you use a calculator and determine the
answer to Exercise 30 to be about 57 miles. Could this be correct?
Explain your reasoning. What does this example tell your about the
limitations of using calculators to solve problems?

eSolutions Manual - Powered by Cognero

30. TRAVEL A pilot flies 90 miles
from Memphis, Tennessee, to
Tupelo, Mississippi, to Huntsville,
Alabama, and finally back to
Memphis. How far is Memphis from
Huntsville?

mi

M5 AL

SOLUTION:

Use the Triangle Inequality Theorem when considering the answer to this
question. Can you have a triangle with sides 57, 90, and 1227

This cannot be correct because the length of the indicated side of the
triangle is not greater than the sum of the lengths of the other two sides.
That is, 57 » 90 + 122. This example illustrates that a calculator cannot
detect human error. It is important to use estimation and mathematical
reasoning to asses whether or not an answer given by a calculator is
reasonable.

ANSWER:

This cannot be correct because the length of the indicated side of the
triangle is not greater than the sum of the lengths of the other two sides.
That is, 57 » 90 + 122. This example illustrates that a calculator cannot
detect human error. It is important to use estimation and mathematical
reasoning to asses whether or not an answer given by a calculator is
reasonable.
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59.In AMBC  ifmsA=42" mZB=74", anda=3 whatis the value of

b?

A43
B 38
c21
D15

SOLUTION:
By the Law of Sines,
sin A - sin B
1 b
514 2° _ 574"
3 b
brsin 42 =3.351n 74
_ 3-51n 74
5ih 47
b=4.3

Therefore, the correct choice is A.

ANSWER:
A
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60. ALGEBRA Which inequality best describes the graph below?
¥

r

Fyz-x+2
Gy=sx+2
Hyz-3x+2
J v=3x+12
SOLUTION:

The slope of the line is 1 and it intersects the y-axis at (0, 2), so the
equation of the lineisy = x + 2.

The region below the line is shaded, so the inequality is < or =. Since
the boundary is a solid line, the symbol is =.

Therefore, the equation of the graph is ¥ =x+2.

The correct choice is G.

ANSWER:
G
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61. SHORT RESPONSE What is the perimeter of the triangle shown B

below? Round to the nearest tenth.
-

e 430

o
c A
SOLUTION: A 9.6 units”
Name the triangle as ABC. B 28.8 units?
103 A C 31.2 units
8 D 34.6 units
e E 42.3 units”
c SOLUTION:
: BC
. sin43®  sind’ SINX = ——
By the Law of Sines, LRl AB
o2 103 B
Simplify. 0.6= 1
L)
sinl’ = —Hﬁ 3;14"' =().7635 BC=1772
Take the inverse and round it to the nearest degree.
C=49.8 Use the Pythagorean Theorem to find AC.

The sum of the angles of a triangle is 180. So, the measure of the third
angle is 180 — (43 + 49.8) = 87.2.

By the Law of Cosines, (BC)" =(92)" +(103)" - 2(92)(103)cos$7.2°

Ay o 9l

oz
Simplify. A= BPuTR
(BC) ~18147.2 AC =96 |
BC ~1347 The area of a triangle is given by the formula A = Ehh.
Therefore, the perimeter of the triangle is about 92 + 103 + 134.7 = 329.7 1
units. A= 5(9.6}(?.2}
ANSWER: A%346
329.7 Therefore, the correct choice is D.
62. SAT/ACT If sin x = 0.6 and AB = 12, what is the area of AABC ? ANSWER:
D
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63. HIKING A hiker is on top of a mountain 250 feet above sea level with

a 68 angle of depression. She can see her camp from where she is
standing. How far is her camp from the top of the mountain?

SOLUTION:

ol i Opposite mdcl
Hypotenuse

Let x be the distance between the camp and the hiker.

S5INGE° = 250
X

x-5in 68=250

__250
51 A8

x=2696

Therefore, the hiker is about 269.6 ft away from the camp.

ANSWER:
269.6 ft

eSolutions Manual - Powered by Cognero

64.

Use a calculator to find the measure of 2 J to the nearest degree.

L
e

%

oS "

SOLUTION:

Opposite side
Hypotenuse

: 9
sin J=—
sin 14

i
J=cin =
™ (14)

sind =

J=40

sin1c3-140
48, BASZEEES

ANSWER:
40
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of A K If corresponding angles are congruent and corresponding sides are
proportional, a right triangle and an isosceles triangle are similar.
i \W Therefore, the statement is sometimes true.
Two isosceles right triangles are similar.
65. L
SOLUTION:
: Opposite side
sin K = PP AABC ~ ADEF by AA Similarity
Hypotenuse
= 17
sin K =—
24 g
A right triangle and a right isosceles triangles are not always similar.
= 117
E=smn |— Dy
24 AN

F =45 A P \\ AABC + ADEF

SRS T~ EPTr e s pp g
5 A right isosceles triangle and an isosceles trianlge are not always similar.
D
r'll‘\‘
IQO"\"\.‘
f'f \‘\
i 'X,\ AABC + ADEF
..-’fl "\\
110 0% g
4 Sometimes; sample answer: If corresponding angles are congruent and
Determine whether the polygons are always, sometimes, or never corresponding sides are proportional, a right triangle and an isosceles
similar. Explain your reasoning. triangle are similar.
66. a right triangle and an isosceles triangle

SOLUTION:

Consider the properties of a right triangle and an isosceles triangle, as

well as what it takes for triangles to be similar.
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67. an equilateral triangle and a scalene triangle

SOLUTION:

Never; sample answer: Since an equilateral triangle has three congruent
sides and a scalene triangle has three non-congruent sides, the ratios of

the three pairs of sides can never be equal. Therefore, an equilateral
triangle and a scalene triangle can never be similar.

A
/E/D\\\ = E‘D
,/ \ AABC + ADEF S Ko
B M c O ! g™ E
ANSWER:

Never; sample answer: Since an equilateral triangle has three congruent
sides and a scalene triangle has three non-congruent sides, the ratios of

the three pairs of sides can never be equal. Therefore, an equilateral
triangle and a scalene triangle can never be similar.
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68.

69.

Name the missing coordinates of each triangle.
x R b

=

O] pio,0) Qf2a,0) Y

SOLUTION:

Since AP QR is isosceles the x-coordinate of R is located halfway

between 0 and 2a, so it is a. Therefore, the coordinates of the vertex R is
(a, b).

ANSWER:
R(a, b)

x Qla,?)

|
OlLip,0) Pz Y

SOLUTION:

The vertex P is on the x-axis. So, the y-coordinate of the vertex P is
zero. The x-coordinates of the vertices P and Q are same. Therefore the
coordinates of the vertex P is (a, 0).

Since LP = PQ and the lines are vertical and horizontal respectively, the
y-coordinate of Q will be the x-coordinate of P and it is a. Therefore, the
coordinates of the vertex Q is (a, a).

ANSWER:
Q(a,a) P(a, 0)
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Find the distance between each pair of points. Round to the
nearest tenth.
71.A(5, 1) and C(-3, -3)

SOLUTION:
. : . Use the Distance Formula.
Ol Jio.0) Kiza, 0¥
70.
SOLUTION: AC = \J(x, - %) + (3, - )’
The vertex N is on the y-axis. So, the x-coordinate of the vertex N is )
zero. Since JK = JN and the lines are vertical and horizontal respectively, Substitute.
the x-coordinate of K will be the y-coordinate of N and it is 2a.
Therefore, the coordinates of the vertex N is (0, 2a). A = ‘f (—3— 5}2 4 (—3— 1)2
ANSWER: _
= (=) + (-4’
N(O, 2a)
=64 +16
=\/80=39

The distance between A and C is about 8.9 units.

ANSWER:
J80 =89
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72. (7, 11) and K(-1, 5)

SOLUTION:
Use the Distance Formula.

JK =[x, = 5,) + (3, =)’

Substitute.

TE =y (1= + (5 —11)°
={(-9*+(-6)’

=64 +36

=100 =10

The distance between J and K is 10 units.

ANSWER:
10.0
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73. W(2, 0) and X(8, 6)

SOLUTION:
Use the Distance Formula.

R FIm—— :
WX =0 =) + (= 1)

Substitute.

WX =y (3—2)%+ (6 —0)?

e
=y36+36

=72 =8.5

The distance between W and X is about 8.5 units.

ANSWER:
ylﬁ = 8,5
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